The potato (Solanum tuberosum L.) tuber is a swollen stem. Sprouts growing from the tuber 17 nodes represent dormancy release and loss of apical dominance. We recently identified 18 sucrose as a key player in triggering potato stem branching. To decipher the mechanisms by 19 which sucrose induces stem branching, we investigated the nature of the inducing molecule 20 and the involvement of vacuolar invertase (VInv) and the plant hormone cytokinin (CK) in 21 this process. Sucrose was more efficient at enhancing lateral bud burst and elongation than 22 either of its hexose moieties (glucose and fructose), or a slowly metabolizable analog of 23 sucrose (palatinose). Sucrose feeding induced expression of the sucrose transporter gene 24 SUT2, followed by enhanced expression and activity of VInv in the lateral bud prior to its 25 burst. We observed a reduction in the number of branches on stems of VInv-RNA interference 26 lines during sucrose feeding, suggesting that sucrose breakdown is needed for lateral bud 27 burst. Sucrose feeding led to increased CK content in the lateral bud base prior to bud burst. 28 Inhibition of CK synthesis or perception inhibited the sucrose-induced bud burst, suggesting 29 that sucrose induces stem branching through CK. Together, our results indicate that sucrose 30 is transported to the bud, where it promotes bud burst by inducing CK accumulation and VInv 31 activity. 32 33 34
INTRODUCTION
the regulation of bud outgrowth, forming a systemic network that orchestrates this process overnight against 25 mM HEPES-NaOH and 0.25 mM EDTA, pH 7.5, and used as a crude extract. VInv activity was measured by incubating 0.3 ml of 0.1 M citrate/phosphate buffer 199 (pH 5.0), 0.1 ml crude extract and 0.1 ml of 0.1 M sucrose. After 30 min incubation at 37 o C, 200 glucose liberated from the hydrolysis of sucrose was quantified by adding 500 μl Sumner's 201 reagent (3,5-dinitrosalicylic acid) and immediately transferring the sample to heating at 100 o C 202 for 10 min to terminate the reaction, then chilling at 4°C (Sumner and Graham, 1921) . The To determine sugar translocation and accumulation, sprouts were detached and cut at the base 210 to expose the vascular tissues, and then incubated in 1 µCi of [U-14 C]sucrose or a mixture of 211 [U-14 C]glucose + [U-14 C]fructose, to a depth of 1 cm, supplemented with a mixture of 100 212 mM glucose and fructose, or sucrose. Sprouts were fed for 2 or 4 h. A total of 100 mg tissue 213 was subsequently collected from the node, five buds per replicate. Radioactive counts of 214 sucrose and the glucose-fructose mixture were determined by liquid-scintillation counting 215 after crushing the tissue and diluting in Ultima Gold liquid scintillation cocktail (PerkinElmer, 216 Israel) using a Packard Tri-Carb 2100TR counter analyzer (Packard BioScience, USA).
218

Analysis of CK content 219
For each sample, 200 mg of freeze-dried powder of tissue was extracted with 1 ml of 220 isopropanol:methanol:glacial acetic acid (79:20:1, v/v), and two stably labeled isotopes were 221 used as internal standards and added as follows: Sucrose induces lateral bud elongation better than hexoses 248 We recently showed that sucrose and its hydrolytic products induce stem branching in a dose-249 responsive manner under etiolated conditions (Salam et al., 2017) . To distinguish between the 250 effects of sugars on bud burst vs. bud elongation, we conducted a detailed time course of the 251 differential effect of sucrose or a mix of glucose and fructose (hexoses) on the number of 252 branches and lateral bud elongation. Tubers were incubated at 14°C until sprouting, and 253 sprouts with three nodes were then detached manually, placed in 300 mM sucrose, hexoses 254 (glucose + fructose, 300 mM each), sorbitol (an osmotic control) or water, and incubated at 255 14°C for 9 days. The effect of sucrose was also compared to palatinose, a sucrose analog 256 (glucose-1,6-fructose) which is not imported into the cell and is only slowly metabolized by 257 vacuolar invertase and sucrose synthase (Loreti et al., 2000; Sinha et al., 2002; Wu & Birch, 258 2010). Sucrose and hexoses induced branching and lateral bud elongation ( Fig. 1 ). Water and 259 the other control and sugar-related treatments had little or no growth effect. The sugar alcohol 260 and osmotic agent sorbitol, which can be imported but is not generally (or only slowly) 261 metabolized by plant cells (see Klepek et al., 2005) , and the sucrose analog palatinose, , were 262 unable to induce branching and elongation ( Fig. 1 ). Sucrose and hexoses yielded similar 263 branching, but lateral bud elongation was significantly higher during the 9 days of sucrose vs. stem branching and elongation under etiolated conditions, with a significantly higher effect of 266 sucrose on bud elongation. Thus sucrose, as a whole molecule, may have an advantage over 267 hexoses or its analogs.
269
Sucrose and hexoses translocate to the stem and penetrate the lateral bud 270 We previously reported that labeled sugars can be transported to the apical bud and lateral 271 node of the etiolated stem following exogenous feeding of tuber parenchyma (Salam et al., , 1999) . We reasoned that a 285 sucrose transporter may be involved in the mobilization of fed sugars from the stem to the 286 bud, and that the expression of that putative transporter might be induced by sugar feeding.
287
To test whether any sucrose transporters are activated during sugar supply, we fed detached 288 etiolated stems with sucrose, hexoses, palatinose or sorbitol and sampled the third lateral bud 289 after 0, 2, 4, 8 and 24 h. The effect of sugar feeding on the gene expression of the three known None of the tested sugars induced a significant change in the expression of SUT1 or SUT4 292 during 24 h of stem feeding (Fig. 3A, C) . In contrast, the relative expression of SUT2 was 293 enhanced 5.8-to 6-fold within 4 h of sucrose feeding, declined after 8 h, and remained at that 294 low level to 24 h. Conversely, SUT2 transcript level was unaffected by hexoses, palatinose or 295 sorbitol during 24 h of feeding ( Fig. 3B) . Therefore, the expression of SUT2 was associated 296 with sucrose translocation into the lateral bud.
Sucrose induces the expression and activity of VInv prior to lateral bud elongation
Since hexoses induced stem branching, we hypothesized that bud burst induced by sucrose is 300 mediated by the activity of VInv, a key enzyme involved in sucrose degradation, in the 301 developing bud. To test this hypothesis, etiolated stems were detached and fed with sucrose, 302 hexoses, palatinose or sorbitol for 24 h, and VInv transcript level and activity were 303 determined. After 8 h of sucrose feeding, VInv transcript level in the third lateral stem bud 304 was three times higher than its level before feeding, and then decreased back to prefeeding 305 levels after 24 h. VInv activity was enhanced in the lateral bud base (node) of sucrose-fed 306 stems as early as 2 h into feeding, and remained significantly higher until the 24 h 307 measurement. In contrast, VInv transcript level and activity were not induced by other sugars 308 ( Fig. 4A, B) . These findings provide evidence of a role for VInv in the lateral bud burst 309 induced by sucrose. 
